In dynamic decision environments such as direct sales, customer support, and electronically mediated bargaining, decision makers execute sequences of interdependent decisions under time pressure. Past decision support systems have focused on substituting for decision makers' cognitive deficits by relieving them of the need to explicitly account for sequential dependencies. However, these systems themselves are fragile to change and, further, do not enhance decision makers' own adaptive capacities. This study presents an alternative strategy that defines information systems requirements in terms of enhancing decision makers' adaptation. In so doing, the study introduces a simulation model of how decision makers learn patterns of sequential dependency. When a system was used to manage workflows in a way predicted by the model to enhance learning, decision makers in a bargaining experiment learned underlying patterns of sequential dependency that helped them adapt to new situations. This result is rare if not unique in the study of dynamic decision environments. It indicates that a shift, away from substituting for short-term deficits and toward enhancing pattern learning, can substantially improve the effectiveness of decision support in dynamic environments. Based on the specific findings in this study, this shift has important implications for designing information system workflows and potential future applications in interface design.
Introduction
The growth of electronic and telephone-based communications has increased the prevalence of interactive dynamic decision tasks such as customer support, direct sales, and electronically mediated bargaining. A distinguishing feature of these tasks is that decision makers must execute sequences of interdependent decisions as the environment evolves. For instance, over the course of a day, a telephone-based credit collector may face many classes of delinquent debtors with whom she must bargain. The pitches required to convince these debtors to resolve their delinquencies differ. Getting debtors to settle difficult delinquencies with many interdependencies typically requires lengthy offer, counter-offer sequences while simpler delinquencies may require only one offer.
The data indicate that inexperienced decision makers in dynamic environments ignore these sequential dependencies, leading to poor performance (for reviews, see Sterman, 1994 Sterman, , 2000 . One solution is to replace decision makers with software agents optimized for specific tasks (e.g., supply chain management, Kimbrough et al., 2002) . However, when responses to particular sequences of decisions or the relevant sequences themselves change frequently, these agents become hard if not impossible to maintain, suggesting a continued, important role for human decision makers (Beam et al., 1999) .
We might be able to design systems to help inexperienced decision makers in dynamic environments with sequential dependencies if we better understood the root of their difficulties. One hypothesis (the deficits hypothesis) is that decision makers in dynamic environments have trouble with sequential dependencies because explicitly accounting for them exceeds their cognitive capacity (Sterman, 1989a (Sterman, , 2000 Sweeney and Sterman, 2000) . An effective decision support strategy consistent with the deficits hypothesis is to have the information system handle the computations needed to account for the dependency (e.g., Davis and Kottemann, 1995; Sengupta and Abdel-Hamid, 1993) . However, systems based on this strategy suffer from the same brittleness in evolving environments as narrowly defined software agents.
Perhaps more importantly, the deficits hypothesis appears not to reflect skilled performance. Skilled decision makers in dynamic environments with sequential dependencies make decisions by recognizing features of past decisions in the current one and then recalling a decision that worked well; an activity requiring comparatively little cognitive effort and well-suited to the time constraints imposed by functioning dynamic environments (Klein et al., 1993) .
However this observation alone provides no guidance for how to design systems to support and reinforce inexperienced decision makers' recognition and recall abilities. As a first step toward enabling such support, this paper develops a novel hypothesis about how decision makers learn to recognize patterns of sequential dependency in the form of a sequence-learning (S-L) simulation model. The S-L model significantly extends recent work in sequence recognition (Cleeremans and McClelland, 1991; Rohde and Plaut, 1999) and cognitive game theory (Fudenberg and Levine, 1998) . It focuses on how decision makers learn to recognize sequences of cause and effect in highly interactive environments such as direct sales, customer support, and bargaining. As such, it represents a fundamental departure away from understanding decision makers' support requirements purely in terms of deficits and toward reinforcing capabilities that they bring to the task. As examined in this study, this shift has important implications for designing information system workflows and possible future application in interface design. The resulting impact on decision makers' performance in an evolving dynamic bargaining environment examined here is extremely rare if not unprecedented.
The next section reviews prior data on decision maker performance in dynamic decision environments and develops the S-L model. After that, an interpersonal bargaining experiment is conducted to test the S-L model's recommendations for how to design system workflows. Finally, limitations of this study are addressed, and the study's implications for system design are further elaborated.
Learning in Evolving Dynamic Environments
By definition, dynamic environments evolve (Brehmer, 1995) . Within a given decision episode, decisions early in a sequence may impact the effectiveness of later decisions (Brehmer, 1995; Sterman, 1989a Sterman, , 1989b . Further, between episodes, the length and
